Computational calculations at B3LYP/6-311++G (d,p) level were employed in the study of the predominant tautomeric of 4-hydroxyquinoline derivatives (5-H, 5-NO 2 , 5-Cl, 5-OH, 5-CH 3 , 6-NO 2 , 6-Cl, 6-OH, 6-CH 3 , 7-NO 2 , 7-Cl, 7-OH, 7-CH 3 , 8-NO 2 , 8-Cl, 8-OH, 8-CH 3 ,) in the gas phase and selected solvents (benzene (non-polar solvent), tetrahydrofuran (THF) (polar aprotic solvent) and water (protic solvent)). The tautomers were also optimized in solvents according to the polarisable continuum method (PCM). For electron withdrawing and releasing derivatives the order of stability is X1 >X2 >X3 and X1 form is a more stable and dominant form. An exception in the gas phase is X2 isomer of (8-OH) which has two forms. In one, the hydrogen bond between hydroxyl substituted with nitrogen isn't formed, but in another it is formed. If the hydrogen bond is formed, X2 isomer is more stable than X1. In addition variation of dipole moments and charges on atoms in the solvents are studied.
Introduction
The word quinoline in fact is derived from the word quinine, which in turn is derived from quina, a Spanish version of a local South American name for the bark of quinine-containing Cinchona species. The subsequent importance of quinoline is linked with malaria in the several successful antimalarial drugs such as chloroquine, which is also used in treatment of amoebic dysentery. Also the most general synthesis of these drugs has been through the 4-hydroxyquinoline. Apart from these, quinolines occur in plants as secondary metabolites (alkaloids) with quinine being the best known 1 . Among the bifunctional molecules, hydroxyquinolines have been widely studied from both experimental and theoretical viewpoints 2 . Early in 1968, Mason et al. 3 had investigated the excited-state properties of 7-hydroxyquinolines (7-HQ) and pointed out that the OH group is more acidic and the ring nitrogen atom more basic in the excited state than in the ground state. 7-HQ has also been the subject of some theoretical investigations. The triple-proton-transfer reactions in the ground and first excited states of 7-HQ in methanol solution have been studied by using HF, MP2, CIS . In the present paper we studied tautomerism of 4-hydroxyquinoline in the gas phase and solution using polarisable continuum method (PCM) at the B3LYP/6-311++G (d,p) level of theory.
Experimental
All these calculations were carried out on a corei7 computer by means of GAUSSIAN09 program package. First, all the compound's structures were drawn using Gauss View 03 and optimized in GAUSSIAN09. The tautomers were also optimized in solvents according to the polarisable continuum method of Tomasi and co-workers, which exploits the generating polyhedra procedure [8] [9] [10] [11] to build the cavity in the polarisable continuum medium, where the solute is accommodated. Atomic charges in all the structures were obtained using the Natural Population Analysis (NPA) method within the Natural Bond Orbital (NBO) approach [12] [13] [14] .
Results and Discussion
Structures and numbers of 4-hydroxyquinoline derivatives are depicted in Figure 1 and 2.
The results of energy comparisons tautomers in the gas phase and different solvents are given in Table 1 . In solvent phase X2 isomer is dominant. The order of stability in solvent phase is X1 >X2 >X3. X1 and X2 isomers are both N-amins, as it expected they are more stable than X3 isomers which is imine. In the gas phase X1 isomer is also dominant, with the exception of X2 isomer of (8-OH) form that is optimized to two forms which is depicted in Figure 2 . At the first form, hydrogen bond between hydroxyl substituted (OH) with nitrogen isn't formed then we consider it as X2 form. The energy stability is X1 >X2 >X3. At second form, the hydrogen bond between them is formed. In this case X2(B) isomer with substituted energy between X1, X2(B) with 0.878 kcal mol -1 is more dominant than X1. Then the stability order is X2(B) >X1 >X3. It is to mention that because of the solvent effect on the hydrogen bond only X2(B) is more predominant than X1 in gas phase. Although, the hydrogen bond of X2(B) causes more stability and negative energy than X2(A) in solvent phase, but this change is not that much to stabilize X2(B) form than X1 in solvent phase. Definitely in X3 form the hydrogen bond is formed, but given the fact that there is a large difference in energy stability of X3 with X1, X2. The hydrogen bond effect also can not compensate this difference and no change happens in the stability of X3 form compared to X1 and X2. The difference of (E2-E1) between X2 and X1 forms in gas phase is belonged to derivates with this subsisted situation (5-OH), (6-CH 3) , (7-OH), ) and their energy is 12.299, 3.884, 3.630, 11.766 respectively on the basis of (kcal mol -1 ). Solvent effects are relevant to the tautomers stability phenomena, since polarity differences among the tautomers can induce significant changes in their relative energies in solution, PCM/B3LYP calculations were used to analyze the solvent effects on tautomerism of 4-hydroxyquinoline. It is important to stress that the PCM model does not consider the presence of explicit solvent molecules; hence specific solute-solvent interactions are not described and the calculated solvation effects arises only from mutual solute-solvent electrostatic polarization. Calculated dipole moments for the Xs are presented in Table 2 . The solvent represented by a polarizable continuum is found to show significant effect on the dipole moments of the individual solute conformers. The dipole moments increase by changing the gas phase to the solution. For all conforms, the most obtained dipole moment is seen in water solvent and gas phase. The biggest difference of dipole moment of all conforms belongs to X1 with substituent situation (5-NO 2 ) is 14.3963D, 4.3972D for water solution and gas phase respectively. For all conforms with substituent situation (5-R), (6-R) the most dipole moment belongs to X1 with R=NO 2 , in (7-R) it belongs to X2 with R=NO 2 , but in (8-R) it belongs to X2 with R=OH. We have examined the charge distribution of tautomers in the solvent as well as gas phase by using calculated NBO charges (Table 3, 4 & 5) . The decrease of negative charge was observed on (N) atom in X1 form when the phase is changed from gas phase to polar solvent. With the exception of the X1 with substituent situation (8-OH) and all X2 and X3 isomers, the phase is changed from gas to polar solvent the negative charge on N increases. 
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Conclusion
1. In gas phase and solution at B3LYP/6-311++G (d,p) type DFT calculations yield the following results which estimates the stability of those tautomers is X1 >X2 >X3. X1 is the most stable form, but in gas phase, (8-OH) subsisted is an exception that it has two forms. At the first one, hydrogen bond in hydroxyl substituent (OH) with nitrogen is not formed and then the stability order is X1 >X2 >X3. The second form, the hydrogen bond is formed between them then the stability order is X2 >X1 >X3 and X2 isomer is dominant form. In all forms with increase of polarity, the total energy of all compounds is more negative. 2. The charges on all eight positions were affected by substituents and solvents. 3. The dipole moments of all compounds are affected by solvent. With increase of the polarity of solvents the dipole moments of the tautomers were increased.
